Purpose: The purpose of this study is to evaluate the safety and benefits of immediate sequential bilateral cataract surgery. Patients and Methods: Retrospective data analysis of patients who underwent immediate sequential bilateral phacoemulsification with foldable intraocular lens (IOL) implantation under topical anesthesia from January 2011 to September 2016 was performed. Patients with visually significant bilateral cataract within the axial length range of 21.0-26.5 mm were included in the study. Intraoperative and postoperative complications were evaluated. Results: Two thousand four hundred and seventy eyes from 1235 patients with a mean age of 68.34 years (range: 4-90 years) were analyzed. Best-corrected visual acuity improved from 0.40 ± 0.17 to 0.08 ± 0.10 (logarithm of the minimum angle of resolution). Nearly 92.05% eyes achieved a target postoperative refraction of ± 0.5 D spherical equivalent. Main complications observed were prolonged postoperative inflammation in 25% (n = 31), posterior capsular tears in 0.45% (n = 11), and unilateral cystoid macular edema in 0.08% (n = 2) eyes. No sight-threatening complications such as endophthalmitis, retinal detachment, corneal decompensation and intraocular hemorrhage occurred in any of the eyes. Out of the 288 (23.2%) patients who underwent bilateral multifocal IOL implantation, 23 patients (46 eyes) had femtolaser-assisted cataract surgery procedure. Two pediatric and one Downs syndrome patient underwent bilateral cataract surgery under general anesthesia and intravenous sedation, respectively. Conclusion: IBSCS may be considered as a preferred practice in eligible cases considering significant patient benefits such as early visual rehabilitation, time and cost-effectiveness, and better compliance with postoperative medications. In debilitated patients and special situations, such as pediatric cataract and Downs syndrome requiring general anesthesia it may be the ideal procedure. 
Cataract surgery is the most common surgical procedure performed worldwide. [1] Various innovations in cataract surgery such as a decrease in incision size from 8 mm to sub 1 mm, clear corneal, self-sealing incisions, and invention of foldable intraocular lenses (IOLs) have accelerated the visual rehabilitation of patients to the extent of few minutes. In addition, refinement in the IOL power calculation formulae and advanced biometry techniques have significantly improved the precision of IOL power calculation with 90%-95% eyes achieving postoperative spherical equivalent (SE) within ±1.0 diopter (D). [2, 3] However, in spite of these technological advancements, the date back teaching "do not operate both the eyes simultaneously" remains unchanged due to the fear of visually-threating complications such as endophthalmitis and postoperative refractive surprises. [4] [5] [6] [7] In this era of evidence-based clinical practice, numerous studies have provided enough supporting data in favor of immediate sequential bilateral cataract surgery (ISBCS) being a safe and economic procedure. [4] [5] [6] [7] In addition, the benefits of a sequential second eye surgery regarding good visual outcome and patient satisfaction have already been proven. [8] [9] [10] [11] [12] [13] [14] Through this retrospective study, we hereby report the outcomes of a large series of 2470 eyes that underwent ISBCS within a span of 5 years at our center. A comparison was also performed regarding the visual and refractive outcomes, safety, risks, and benefits associated with ISBCS with the previously published reports. To the best of our knowledge, this is the largest data from India and second largest in the world on ISBCS being reported from a single NABH accredited tertiary eye hospital of South India.
Patients and Methods
Data were collected retrospectively from electronic medical records for all the patients who underwent ISBCS in Nethradhama Superspeciality Eye Hospital, Bengaluru, from January 2011 to September 2016. The study was approved by the Ethics Committee of the hospital and was conducted in accordance with the tenets of the Declaration of Helsinki. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Mumbai, Maharashtra, India) and intracameral anesthesia of 1% lidocaine with 1 in 20,000 adrenalin (AstraZeneca Hebbal, Bengaluru, India). Utmost care was taken to maintain strict asepsis intraoperatively. Each eye was treated as a separate procedure with complete segregation of the two procedures. Preoperatively, 5% povidone-iodine was used to coat the conjunctival sac, lid, nose, forehead, and cheek on both sides at the same time [Supplementary File 1 and Video 1]. The eye with advanced cataract was operated first. A sterile plastic drape was placed over the eye, covering the lashes, and orifices of meibomian glands and a speculum was applied. All the eyes underwent a standard phacoemulsification procedure using a temporal 2.8 mm clear corneal incision with a diamond blade, followed by implantation of foldable IOLs in the capsular bag. Leak-proof sealing of the wounds was ensured at the end of the surgery.
Before operating the second eye, both the surgeon and the assistant changed their gowns and gloves. The second eye was cleaned and prepared again in a similar manner as the first eye. A new trolley with separate full cycle autoclaved instruments, viscoelastic, irrigation line, and balanced salt solution was used. Intracameral vancomycin (1 mg/0.1 ml) was injected in all cases at the end of the procedure.
In the event of posterior capsule rupture or any other visually threatening intraoperative complication in the first eye, the second eye surgery was abandoned and deferred for a later date.
All the patients were provided dark goggles after surgery and were discharged on the same day after starting the postoperative medications in the hospital. Postoperative follow-up examinations were conducted at day 1, 2 weeks, 3 months, and annually. At 2 weeks, visual acuity, refraction, and dilated fundus examination were performed. Glasses were also prescribed at 2 weeks postoperative checkup. All patients completed at least 2 weeks follow-up, and hence, visual and refractive data at 2 weeks postoperative visit was used for analysis. The visual acuity was measured using snellen visual acuity chart at 6 m, which was later converted to logarithm of the minimum angle of resolution (logMAR) values for statistical analysis.
Statistical analysis
Statistical analysis was performed using SPSS software, version 23 (Statistical Package for the Social Sciences, IBM Corporation, Armonk, New York, United States) and Microsoft Excel. The mean age, visual acuity, and axial length were calculated using Microsoft Excel. Since the data were not normally distributed, Wilcoxon signed-ranks test (nonparametric test) was used for statistical analysis for assessing the differences between the preoperative and postoperative SE. Paired t-test was applied to demonstrate differences between preoperative and postoperative visual acuity.
ISBCS was considered in patients with visually significant bilateral cataract (best-corrected visual acuity worse than 6/12) with both eyes within the axial length range of 21.0-26.5 mm, patients opting for multifocal implants, and those undergoing surgery under general anesthesia.
The exclusion criteria were -conditions predisposing to increased intraoperative complications such as posterior capsule rent and vitreous loss, postoperative complications such as infections, corneal decompensation, retinal detachment (RD), cystoid macular edema (CME), and inaccurate IOL power calculation. Ocular comorbidities that required a combined surgery (trabeculectomy or vitreoretinal surgery) were also excluded from the study [ Table 1 ].
All patients underwent a thorough preoperative eye examination and necessary investigations according to the hospital protocol. All the patients had preoperative dilated 360° fundus examination with indentation to rule out any possible high-risk lesion, the presence of which excluded the patient for ISBCS. Biometry was performed using IOL Master 500 (Carl Zeiss Meditec AG, Jena, Germany) or A-scan device (Pac Scan Plus, Sonomed, New Hyde Park, NY, USA) in cases of dense cataracts. SRK-T formula was used for IOL power calculation to achieve the planned refraction.
Operative protocol for immediate sequential bilateral cataract surgery
The surgery protocol was derived from the previously published guidelines of the International Society of Bilateral Cataract Surgeons. [15] All the patients who underwent bilateral cataract surgeries had both eyes operated by a single experienced surgeon (Sri Ganesh) under topical anesthesia of 4% lidocaine (LOX 4%, Neon Laboratories Ltd., Andheri, Table 2 ].
The various systemic and ocular comorbidities of the participant patients are listed in Table 3 . The systemic morbidities included diabetes mellitus 27.79% (n = 686), hypertension 35.41% (n = 874), cardiac problems 2.86% (n = 70), parkinsonism 0.08% (n = 2), and arthritis 0.85% (n = 21), whereas, the noteworthy ocular comorbidities were dry age-related macular degeneration (ARMD) 23.32% (n = 576), diabetic retinopathy 6.5% (n = 160), wet ARMD 1.0% (n = 24), pseudoexfoliation 0.41% (n = 10), and epiretinal membrane 0.25% (n = 6).
Multifocal IOLs (MFIOLs) were implanted in 576 eyes (23.2%) of 288 patients. About 76 eyes (3%) underwent ISBCS with femtosecond laser-assisted cataract surgery (FLACS). About 46 eyes (1.86%) underwent FLACS with MFIOL implantation, while the remaining 98% underwent routine phacoemulsification surgery. Four eyes (0.16%) of two pediatric patients (age <10 years), and one patient with Downs syndrome (age 24 years) underwent bilateral cataract surgery under general anesthesia.
Visual and refractive outcomes
The mean preoperative best-corrected visual acuity was 0.40 ± 0.16 logMAR which improved significantly to 0.08 ± 0.1 logMAR at the end of 2 weeks postoperative follow-up, (P = 0.000).
A statistically significant reduction in the SE was observed as the SE reduced from a preopertive value of −1.35 ± 4.4 D to 0.15 ± 0.57 D at 2 weeks postoperatively (P = 0.001). About 92.05% patients achieved targeted postoperative SE refraction within ±0.5 D while all eyes were within ±1.5 D at the end of 2 weeks [ Table 4 ]. Postoperative SE was within ±1.00 D in 98.7% eyes in our study when compared to 43% and 83.2%, as reported by Johansson and Sarrikkola et al., respectively [ Table 5 ].
The 288 patients who underwent ISBCS with MFIOL implantation in this series, achieved excellent outcomes which were defined as bilateral uncorrected visual acuity of 6/9 or better, bilateral uncorrected visual acuity of N.8 or better and patient satisfaction regarding spectacle independence.
Intra-and post-operative complications
The chief intraoperative complication encountered in the series was posterior capsular tears, which occurred in 11 (0.45%) eyes. It is noteworthy to mention that this complication occurred in the second eyes of these patients, whose first eye surgery was uneventful. Of these 11 eyes, 4 eyes required anterior vitrectomy with placement of 3 piece foldable IOL in the sulcus. Among the four vitrectomized eyes, three eyes achieved a best-corrected visual acuity of 6/6 and one eye with myopic degeneration achieved a best-corrected vision of 6/12.
Postoperative complications in the decreasing order of frequency were prolonged postoperative inflammation, elevated intraocular pressure (IOP), and CME. Prolonged postoperative iritis (inflammation extending beyond 6 weeks) was seen in 1.3% (n = 31) of the patients, out of which 0.68% (n = 17) were diabetic individuals. The intermediate rise in IOP (21-30 mmHg) requiring antiglaucoma medications was seen in 0.57% (n = 14) eyes, which subsided with treatment. CME was seen in 0.08% (n = 2) eyes, both being unilateral in nondiabetic patients. No sight-threatening complications such as endophthalmitis, RD, corneal decompensation, and intraocular hemorrhages were observed in any of the eyes operated in the series [ Table 4 ]. 
Discussion
Previously, some studies have reported that the major concerns in performing an ISBCS are the risks of certain vision-threatening complications such as endophthalmitis, RD, CME, irreversible corneal edema, and refractive surprises. [16, 17] However, our literature review revealed that the actual incidence of these dreaded bilateral complications was not higher, but comparable to the unilateral scenario. Regarding bilateral endophthalmitis so far four cases have been reported since 1952. [5, [19] [20] However, it was not specified, if these cases had any intraoperative complication such as posterior capsule rent associated with vitreous loss, which could potentially increase the risk of endophthalmitis. In addition, it was reported that these cases occurred before the advent of intracameral antibiotics for prophylaxis of postoperative endophthalmitis, which was also highlighted by the European Society of Cataract and Refractive Surgeons study. [21] This may indicate that the chances of endophthalmitis may be significantly reduced, provided the guidelines laid by the International Society of Bilateral Cataract Surgeons [15] and the United Kingdom Royal College of Ophthalmologists [22] are strictly followed.
Arshinoff and Odorcic [23] [24] [25] calculated the risk of bilateral endophthalmitis to be 0.005% which was suggested to almost ten times rarer than the unilateral endophthalmitis [ Table 5 ].
They also noted an obvious breach in the aseptic protocols during surgery in these cases of bilateral endophthalmitis. [23] [24] [25] In our series, no eyes developed endophthalmitis (unilateral or bilateral), which could be attributed to a meticulous case selection (excluding cases with high risk of infection), thorough intraoperative asepsis protocols followed, and skillfully performed surgery. The precautions taken intraoperatively included complete segregation of the two procedures by using separate sets of drapes, gowns, gloves, and full-cycle autoclaved instruments for both eyes as described earlier. Intraoperatively, utmost care was taken to achieve a good wound architecture, minimal tissue injury, and ensure leak-proof incision closure. In addition, all eyes received intracameral antibiotics in the form Kotkaren et al. Johansson et al. of vancomycin (20 mcg/ml) at the completion of the surgery. Arshinoff and Bastianelli showed that the use of intracameral vancomycin significantly minimized the incidence of endophthalmitis to 0.001%. In addition, vancomycin was found to be equally efficacious as cephalosporin and moxifloxacin in preventing endophthalmitis. [26] Bilateral CME is another concern regarding postoperative visual loss in the scenario of ISBCS. In our study, no patient developed bilateral CME; however, two patients presented with unilateral CME, which resolved in 3 months with treatment. Meticulous case selection by avoiding high-risk cases (uncontrolled diabetics, active uveitis, and history of arthritis), atraumatic surgery, and mandatory use of postoperative nonsteroidal anti-inflammatory drugs have been proven to prevent postoperative CME that may potentially lead to delay in the visual rehabilitation. [27] It is known that certain conditions such as collagen vascular diseases, active rheumatism, significant dry eye, corneal thinning, and corneal exposure may increase the risk for postoperative corneal melt and uveitis and hence may be considered as contraindications for ISBCS. No eye in the series developed irreversible corneal damage or endothelial decompensation as this was well taken care of by good patient selection and meticulously performed surgery. For hard and brown cataracts and eyes with low endothelial counts (<2000 cells/mm 2 ), a dispersive viscoelastic agent (aurocoat, sodium hyaluronate 20 mg/ml [2% w/v] chondroitin sulfate: 20 mg/ml [2% w/v], Aurolab, Madurai, India) was routinely used for endothelial protection. Most of the cases of corneal edema in our series were transient and unilateral. Wertheim and Burton reported bilateral corneal edema after ISBCS, which resolved within 3 months with medical management. [28] One case of bilateral corneal decompensation requiring penetrating keratoplasty has been reported, but there was no mention of any ocular comorbidity. [29] There is no report of bilateral RD following ISBCS till date. In the present study also, no eye had RD in the postoperative period. The maximal axial length operated was 26.1 mm, and cases of the previous history of RD, extreme axial length, posttrauma, high-risk retinal lesions, and combined surgery were excluded from the study [ Table 1 ]. So far, only four studies have reported postoperative RD (0.15%-0.2%), [4, 5, 30, 31] the incidence of which is comparable to the unilateral scenario (0.1%-0.7%). [32] Posterior capsular rent (PCR) with vitreous loss (10.7%-0.05%) was the most common intraoperative complication observed in all the previously reported case series. PCR with or without vitreous loss is known to be associated with an increased risk of more than 6-fold for acute endophthalmitis. [15] The incidence of PCR in our study was 0.44%, which was also comparable to similar studies on ISBCS by Kontkanen and Kaipiainen [33] (0.14%) and Arshinoff et al. [31] (1.47%) [ Table 6 ].
Favorable refractive outcomes were achieved with ISBCS in our series with 92.05% eyes achieving a postoperative residual SE within ±0.5 D and 98.83% within ±1.0 D [ Table 3 ]. These refractive results were comparable to the previous studies.
[ 28, 31, [34] [35] [36] The literature review [Table 6 ] revealed that refractive surprises (residual refractive error of >1.5 D SE) following ISBCS were mainly observed in high myopes or hyperopes which form the extremes of the bell-shaped distribution of postcataract surgery refractive outcome. [36] We believe our favourable outcome was possible due to strict selection criteria excluding eyes with extremes of axial lengths, irregular corneal astigmatism (e.g., corneal scars, corneal ectatic diseases such as keratoconus, pellucid marginal degeneration, post-LASIK ectasia), use of optical biometry (IOL master), appropriate IOL formulae, and optimized A-constants for IOLs.
Two hundred and eighty-eight (23.2%) patients had bilateral MFIOL implantation with excellent visual outcomes. Bilateral implantation of MFIOL has been proven to provide better contrast sensitivity, stereopsis, and faster neuro-adaptation compared to unilateral implantation. [37] Bilateral cataract surgery may be particularly preferred in pediatric patients requiring general anesthesia owing to better safety and faster visual rehabilitation through amblyopia therapy and early recovery of stereopsis.
Our hospital maintains a Lean Six Sigma score (National Demonstration Project conducted by Quality Council of India), which aims at optimizing postoperative refractive outcomes after cataract surgery by analyzing various potential causes leading to suboptimal refractive outcomes such as errors in biometry. [38] In addition, our hospital was the first NABH accredited eye hospital of India and received the accreditation in 2008. Hence, we abide by the benchmarks prescribed by NABH for eye health standards for improvement in quality eye care services and thus qualify to practice ISBCS. [39] The primary author of this paper holds the membership of the International Society of Bilateral Cataract Surgeons and has performed over 75,000 topical clear corneal phacoemulsifications with a complication rate of <0.5%, which demonstrates the expertise and safety record of the surgeon.
Our study did not calculate the economic benefits of ISBCS, which may be a potential limitation of the study. However, other studies have proven beyond doubts that ISBCS has a tremendous impact on cutting down health-care cost to almost half. [40] [41] [42] [43] [44] [45] [46] [47] In our country, where there is a long waiting list for cataract surgery, and the health-care providers are mostly concentrated in the urban areas, ISBCS may be considered provided strict protocols are followed. It may provide significant patient benefits in terms of better compliance with postoperative medications, reduced hospital visits, faster visual rehabilitation, and shorter period of restrictions after surgery. However, we are absolutely against and do not recommend performing bilateral cataract surgeries in camp conditions or setups where high standards of asepsis cannot be ensured.
Conclusion
Bilateral cataract surgery may be a preferred practice in the hands of an experienced surgeon with minimal complication rate, with access to facilities such as modern biometric equipment, strict operation room sterilization protocol, and well-trained support staff.
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